The aim of the present study was to investigate the prevalence of hypotension in older participants and to identify which 24-hour ambulatory blood pressure monitoring parameter better correlated with the occurrence of hypotension.
H YPERTENSION is a condition very common and poorly
controlled in older participant s ( 1 , 2 ) . Observational studies show a direct relationship between systolic blood pressure (SBP) and cardiovascular events (both ischemic heart disease and stroke) ( 3 , 4 ) . The meta -a nalysis conducted by the Blood Pressure Lowering Treatment Trialists ' confi rmed that more intense blood pressure (BP) reductions resulted in larger benefi ts in terms of reduced stroke and major cardiovascular events ( 5 , 6 ) .
As clearly established and indicated in current Guidelines for hypertension management ( 7 ) , registration of BP over 24 hours with an automated device ( 24-hour ambulatory blood pressure monitoring [ 24- hour ABPM ] ) provide an accurate and reliable picture of BP profi le occurring in daily life, with higher reproducibility over time and a negligible ' ' white coat ' ' effect. Consistently, ambulatory BP better correlated with target organ damage and cardiovascular events as well as is capable to provide a more accurate profi le of BP reduction induced by treatment ( 7 ) . Of great interest, BP pressure variability, quantifi ed by the stan-dard deviation around mean values, emerged as a significant and independent determinant of target organ damage and incident cardiovascular (CV) events ( 8 -10 ) .
The research hypothesis of the present study originated at bedside. We often observed that older participant s had repeated very low BP measurements during 24-hour ABPM, but their occurrence was not described in the 24-hour ABPM report, usually focused on the 24 -hour BP profi le and the presence (or absence) of the physiological night fall in BP. As simplifi ed in Figure 1 , in fact, the table with the 24-hour ABPM output does not provide any immediate clue to identify episode of hypotension -though they can be very frequent during the 24-hour ABPM registration.
Therefore , we asked whether the higher BP pulsatility during 24-hour ABPM may be risky at least partly because higher BP pulsatility/variability hides higher occurrence of hypotension. Indeed, recently the ACCORD BP trial indicated that SBP level <120 mmHg were not associated with a lower rate of CV events as compared with participant s attaining SBP <140 mmHg ( 11 ) and that serious adverse Occurrence of Hypotension in Older Participants. Which 24-hour ABPM Parameter Better Correlate With ? events attributable to medications were more common in the group with SBP <120 mmHg ( 11 ) .
The aim of the present study was to investigate the prevalence of hypotension in older participant s and to identify which 24-hour ABPM parameter better correlated with the occurrence of hypotension. It was not aimed to identify determinants or CV risk factors associated with hypotension, which will be analyzed in a future study.
Methods

Study P opulation
Our study population consisted of men and women aged 60 years and older who underwent a 24-hour ABPM between April 2008 and April 2010 in our Center. Participant s presenting any of the following conditions were excluded: moderate-to-severe cognitive impairment, myocardial infarction , or stroke within the previous 6 months; renal (serum creatinine > 2.5 mg/d L ), respiratory , or liver insuffi ciency; and atrial fi brillation (as the presence of atrial fi brillation limited the accuracy of 24-hour ABPM ).
All participant s gave written informed consent to participate the study : The entire study was approved by our Institutional Review Board and it has been conducted in accordance with the principles of the Declaration of Helsinki.
Ambulatory BP M onitoring
The 24-hour ABPM was performed with an oscillometric device (Spacelabs 90207 ; SpaceLabs Inc., Wokingham, Berkshire, UK), previously shown to be accurate ( 12 ) , with a cuff of the appropriate size. Readings were obtained automatically at 15-minute intervals throughout the day (defi ned as between 7:00 am and 10:00 pm ) and at 30-minute intervals throughout night (defi ned as between 10:00 pm and 7:00 am ). Total 24-hour ABPM recording of each patient lasted a minimum of 20 hours. The accepted time interval among recordings of each patient was less than 1 hour. Participant s were instructed to engage in normal activities but to refrain from strenuous exercise and to keep the arm extended and still at the time of cuff infl ation . Participant s were instructed to keep the position they were when the measurement started. BP variability was defi ned as the within-subject standard deviation ( SD ) of all SBP and DBP recordings during the 24hour, daytime and nighttime measurement periods. SBP load and DBP load w ere defi ned as the percentage of measurements exceeding normal values during the 24-hour, daytime and nighttime measurement periods. Normal values were defi ned as daytime SBP and DBP <135 mmHg or <85 mmHg, respectively; nighttime SBP and DBP <115 mmHg or <70 mmHg, respectively.
The nocturnal fall in BP was calculated as the difference between daytime and nighttime BP and was also expressed as a percentual change: percentual nocturnal change in BP = (daytime BP − nighttime BP) × 100/daytime BP. On the basis of the percentual change in nocturnal BP, in accordance with previous reports, patients were classifi ed as dippers, if the nocturnal fall in BP was > 10% or non-dippers, if it was <10% ( 13 ) .
Defi nition of H ypotension
No Guideline provided an accepted defi nition of hypotension. Therefore, we arbitrarily choose to defi ne hypotension as the occurrence of at least one valid registration of SBP <100 mmHg during 24 h our , daytime, or nighttime -respectively.
Statistical A nalysis
All analyses were performed by SAS 9.1 for Windows. Data are presented as means ± SD , unless otherwise speci- Note : AT1 = Angiotensin Type 1 receptor; BMI = Body Mass Index; CEI = Angiotensin Converting Enzyme; HDL = High Density Lipoprotein; LDL = Low Density Lipoprotein; MI = Myocardial Infarction. fi ed. Chi-square analysis was used for categorical variables and Student ' s t test was used for continuous variables. A nalysis of variance was adopte d to compare occurrence of hypotension across quartiles of 24-hour ABPM parameters. Analysis of covariance was adopted to compare groups, after adjustment for age and sex.
Logistic regression analysis was used to detect the predictive value for hypotension of different 24-hour ABPM parameters, controlling for age and sex. The model c value provided a measure of how well a model is able to predict the outcome of interest, with a c value equal to 0.50 indicating no accuracy and a c value equal to 1.00 indicating maximal accuracy.
A p value < .05 was considered statistically signifi cant.
R esults
The study population was on average 78.7 -years old and consisted predominantly of women (70.1%). Hypertension was reported by 80% of participant s, diabetes by 20.5%, and 11.1% were current smokers. The use of specifi c antihypertensive drugs as well as the traditional CV risk factors profi le are reported in Table 1 .
Average values for 24-hour ABPM parameters are summarized in Table 2 . Of the 588 older participant s studied, 50.3% presented at least one episode of SBP hypotension ( " hypotension " from now on) over 24 h our s, 39.8% at least one episode during the daytime, and 31.3% during the nighttime. Table 3 summarizes the gender-and age-specifi c differences in the occurrence of hypotension during 24-hour ABPM. Briefl y, episodes of hypotension during daytime were signifi cantly more common in women than in men. Episode of nocturnal hypotension were, unexpectedly, signifi cantly more common in participant s ≤ 75 years old than in the oldest group. Table 4 illustrates univariate correlation coeffi cient for the number of episodes of hypotension during different periods of 24-hour ABPM. Age and gender were poorly and not signifi cantly correlated with the frequency of hypotension in older participant s. A signifi cant inverse correlation was observable between hypotension and 24-hour ABPM average SBP, MBP, and -to a lesser extent -DBP.
Blood P ressure and B lood P ressure V ariability C orrelates in O lder Participant s W ith SBP H ypotension
We further investigated whether the occurrence of hypotension signifi cantly changed across quartiles of the 24-hour ABPM parameters. As illustrated in Table 5 , higher SBP (average values or SBP load) is associated with lower occurrence of hypotension. Of note, in the presence of SBP values around the threshold discriminating normal from hypertensive values -corresponding approximately to the 4th quartile for 24-hour SBP ( ≥ 135 mmHg) and to the third quartile for daytime ( ≥ 137 mmHg) and nighttime SBP ( ≥ 124 mmHg) of our study population -occurrence of hypotension was more than 30%.
A relevant and counterintuitive result was the lack of signifi cant correlation SD of BPs, the most widely accepted measure of BP variability during 24-hour ABPM and episodes of hypotension during 24 h ours , daytime, or nighttime.
This fi nding was strengthened by the observation that occurrence of hypotension did not signifi cantly differ across quartiles of BP variability/pulsatility indices ( SD of SBP or MBP ; Figure 2 ). Table 6 illustrates the accuracy of 24-hour ABPM -measured parameters to identify hypotension during different time of registration in older participant s.
Predictive V alue for SBP H ypotension of 24-hour ABPM P arameters
The 24-hour ABPM parameters with the highest accuracy (average SBP over 24 h ours ) correctly classifi ed approximately 80% of older participant s with a false -positive and SBP <100 mmHg and about 20% presenting ≥ 10% of the SBP registrations <100 mmHg), even in older participant s with high BP . Apparently none of 24-hour ABPM parameters is able to accurately identify those older participant s with episode of hypotension. Notably, occurrence of hypotension do es not appear to relate to indices of BP variability over 24 h ours .
The 24-hour ABPM allows a better characterization of BP values over 24 h ours , independently of potential environmental confounders (for instance, white-coat effect) occurring at the time of offi ce BP measurement ( 7 ) . Since the fi rst report about the possible prognostic relevance of different patterns characterizing BP fl uctuations during the day and night ( 14 ) , higher nocturnal BP (or reduced degree of nocturnal BP fall) or increased pulsatile load have been associated with increased risk of CV events or with central nervous system disorders (depression) ( 15 -20 ) . This is the fi rst study focusing on the occurrence of low BP (episodes of hypotension) in older participant s, hypotension that was poorly " predicted " by 24-hour ABPM parameters conventionally measured.
The current study design and the available data do not allow to speculate about possible mechanisms of SBP hypotension and its link with risky clinical conditions for older participant s. Our previous observation that increased arterial stiffness was accompanied by a reduced nocturnal fall in SBP ( 21 ) might suggest that accelerated arterial aging, that is, increased arterial stiffness ( 22 ) , impairs arterial autoregulatory capabilities ( 23 ) . Such a reduction in autoregulatory capacity, at the level of cerebral circulation implies that cerebral hypoperfusion likely occurs when SBP is even transiently and/or acutely low ( 24 -26 ) . This hypothesis, yet to be proven, is also consistent with the reported association between stiffer arteries and greater cognitive impairment in older participant s ( 27 -30 ) . The most relevant observation is that the most widely adopted measures of BP variability, the SD of SBP or DBP, had a low accuracy (c value) with about 45% of false positive and false negative .
D iscussion
The present study showed that in older participant s the occurrence of systolic hypotension is unexpectedly very common (one half of them presenting at least one episode of In conclusion, episodes of SBP hypotension are extremely common in older participant s -affecting approximately 50% of this population. However, no parameter of 24-hour ABPM appeared capable to accurately predict the occurrence of hypotension. Ongoing studies from our group will contribute to better characterize the clinical profi le of older participant s with episode of systolic hypotension and to identify specifi c risk factors for hypotension, an emerging condition risky for older participant s.
